Closely opposed lesions form a unique class of DNA damage that is generated by ionizing radiation. Improper repair of closely opposed lesions could lead to the formation of double strand breaks that can result in increased lethality and mutagenesis. In vitro processing of closely opposed lesions was studied using doublestranded DNA containing a nick in close proximity opposite to a dihydrouracil. In this study we showed that HU protein, an Escherichia coli DNA-binding protein, has a role in the repair of closely opposed lesions. The repair of dihydrouracil is initiated by E. coli endonuclease III and processed via the base excision repair pathway. HU protein was shown to inhibit the rate of removal of dihydrouracil by endonuclease III only when the DNA substrate contained a nick in close proximity opposite to the dihydrouracil. In contrast, HU protein did not inhibit the subsequent steps of the base excision repair pathway, namely the DNA synthesis and ligation reactions catalyzed by E. coli DNA polymerase and E. coli DNA ligase, respectively. The nick-dependent selective inhibition of endonuclease III activity by HU protein suggests that HU could play a role in reducing the formation of double strand breaks in E. coli.
Ionizing radiation generates a wide spectrum of DNA damage, including strand breaks, abasic (AP) 1 sites, base damages, and cross-links (1-2). The energy of ionizing radiation is not dispersed uniformly in the absorbing medium but as packets of energy along the tracks of the charge particles. Each deposition of energy can generate multiple ionization events that can lead to the generation of a unique class of lesion called clustered lesion (3) (4) (5) (6) (7) (8) . In addition, when ionizing radiation interacts directly with DNA, multiple DNA ionizations can occur at the site of interaction that can also lead to the formation of clustered lesion. Thus, both the direct and indirect action of ionizing radiation on DNA can lead to the generation of clustered lesions (3) (4) (5) (6) (7) (8) .
The nature of clustered lesions is complex. They can consist of a combination of DNA breaks, AP sites, and base damages, either present on the same or opposing strands of DNA (4 -7) . A double strand break can be considered as a clustered lesion consisting of two single strand breaks located in close proximity on opposing strands of DNA. Much effort has been directed to understanding the repair of ionizing radiation-induced lesions such as strand breaks, AP sites, and base lesions; however, the biological process involved in the repair of these lesions within a clustered site is poorly understood. Strand breaks, AP sites, and base damages are repaired predominantly via the base excision repair (BER) pathway (9, 10) . When AP sites and base damages are processed via BER, intermediary strand breaks are generated. For clustered lesions consisting of DNA damage located on opposing strands of DNA, a double strand break can be generated if the excision of the second lesion is initiated before the first lesion is completely repaired. The formation of a double strand break can be more lethal and mutagenic than the original closely opposed lesions. To reduce the formation of double strand breaks during cellular processing of clustered lesions, it is likely that there are mechanisms within cells that help to reduce the probability of initiating the repair of a second lesion before the first lesion is fully repaired.
It is interesting to note that many of the DNA repair glycosylases that initiate the repair of base lesions and AP sites are intrinsically inhibited by nearby nicks. Escherichia coli endonuclease III and formamidopyrimidine N-glycosylase activities are inhibited by nicks that are in close proximity and opposite to the base lesion (11) (12) (13) (14) . The observed inhibition could be due to the fact that a nick increases the flexibility of DNA around the remaining lesion. The increased flexibility could lead to a decrease in the affinity of these DNA glycosylases for lesions that are located close to a nick. However, prolonged incubation of DNA containing clustered damage with either endonuclease III or formamidopyrimidine N-glycosylase can still lead to the generation of double strand breaks. Because a nearby nick can only slow down the action of a repair glycosylase, it is therefore likely that additional mechanisms are necessary to further inhibit the action of DNA glycosylases so that generation of double strand breaks can be reduced during the repair of clustered lesions. We had show earlier that KU, a human doublestranded DNA-binding protein, can bind to a nick opposite dihydrouracil (DHU), leading to a significant inhibition of the human endonuclease III activity (15) . The increased inhibition of human endonuclease III activity by KU protein will help to reduce the possibility of generating double strand breaks during the repair of closely opposed lesions. Furthermore, even if a double strand break is formed, KU can bind to the ends of a newly generated double strand break and tether the two ends together as a protein-DNA complex, preventing the possibility of mis-joining (15) .
In this study, we showed that the E. coli DNA-binding protein HU also inhibits the activity of E. coli endonuclease III when a nick is present in close proximity and opposite to a base damage. In contrast, HU protein did not inhibit significantly the subsequent steps of the repair process, namely DNA repair synthesis and DNA ligation. Thus HU could potentially mediate the sequential repair of a clustered lesion consisting of closely opposed DNA damage. These data further suggest that DNA-binding proteins that have high affinity for nicks, such as poly (ADP-ribose) DNA polymerase, could also mediate similar processes in the cells.
EXPERIMENTAL PROCEDURES
DNA Substrates-All oligonucleotides were obtained from Operon and purified by polyacrylamide gel (15%) electrophoresis as described previously (16) . Oligonucleotides were 5Ј-end-labeled with [␥-32 P]ATP (Amersham Biosciences) using T4 polynucleotide kinase, following the instructions provided by the supplier. 32 P-labeled oligonucleotides containing DHU were annealed to the appropriate complementary strands at 1:1.5 ratios in a buffer containing 10 mM Tris-HCl, pH 7.5, 0.1 M NaCl, and 2 mM mercaptoethanol by heating the mixture to 90°C and cooling down slowly to room temperature. The oligonucleotide duplexes in Sequence I were used in this study (Q represents dihydrouracil). Duplex N contains a nick and a DHU. The nick is two nucleotides 3Ј from DHU on the complementary strand. In contrast, duplex L contains only a single DHU.
To determine the effect of distances between the nick and DHU on the inhibition of endonuclease III activity by HU protein, the substrates were prepared as in Sequence II.
Duplex DNA containing a 5Ј flap was constructed by hybridizing a 5Ј Enzymes and Proteins-E. coli endonuclease III was purified from an overproducing E. coli strains employing MonoS, MonoQ and phenylSepharose column as described previously (17) . Endonuclease V was purifed from an E. coli overproducing strain employing MonoS, MonoQ, and phenyl-Sepharose (18) . A small amount of HU protein was initially obtained as a gift from Dr. Roger McMaken (John Hopkins University), and was later purified from E. coli strains overproducing HU␣ and HU␤ subunits following published procedures (19) . HU protein is an 18-kDa heterodimeric protein consist of HU␣ and HU␤ subunits, each subunit has a molecular mass of 9 kDa (19) . Briefly, hupA and hupB genes were PCR amplified from E. coli genomic DNA. The hupA gene was PCRamplified using primers 5Ј-CCCCCCCCATATGAACAAGACTCAACT-GATTGATGTAATT and 5Ј-CCCCCCCCTCGAGCTTAACTGCGTCTT-TCCAGTCCTTGCCA, which introduce NdeI and XhoI restriction sites near the ends of the PCR fragment. Similarly, the hupB gene was PCR-amplified using primers 5Ј-CCCCCCCCATATGAAATAAATCTC-AATTGATCGACAAGATT and 5Ј-CCCCCCCCTCGAGGTTTACCGCG-TCTTTCAGTGCTTTACCT. Each of the PCR products were restricted with NdeI and XhoI, and ligated into pET22b(ϩ) that was previously restricted with NdeI and XhoI, using T4 DNA ligase (16°C for 16 h) and electroporated into E. coli BL21(pLysS), producing ampicillin-resistant colonies. The constructs thus generated (pHuA and pHuB) code for HU␣ and HU␤ modified to contain six C-terminal histidines. BL21(pLysS) cells harboring either pHuA or pHuB were grown to 0.7 OD, and overproduction of HU␣ and Hu␤ were achieved by the addition of 0.5 mM of isopropyl-1-thio-␤-D-galactopyranoside and continued to grow the cells for an additional 16 h at room temperature. HU␣ and Hu␤ proteins were then purified individually using nickel-nitrilotriacetic acid columns, following instructions supplied by the manufacturer (Novagen). E. coli DNA polymerase I and E. coli DNA ligase were purchased from USB biochemicals.
Enzyme Assays-Endonuclease III activity was assayed in a standard reaction mix (10 l) containing 0.1 M KCl, 10 mM Tris-HCl, pH 7.5, 50 fmol of labeled DNA substrates, and 20 fmol of endonuclease III. The reaction was performed at 37°C for 10 min.
Nick translation catalyzed by E. coli DNA polymerase I was performed in a buffer solution (10 l) containing 67 mM potassium phosphate, pH 8.0, 6.7 mM MgCl 2 , 1 mM EDTA, 50 mM NaCl, 33 M dATP, 33 M dCTP, 33 M dGTP, and 33 M dTTP. Duplex N (see Sequence I) is composed of a 56-mer containing a DHU hybridized to two complementary DNA, a 21-mer and a 35-mer. The 35-mer was 5Ј-end-labeled with 32 P and used as the primer for E. coli polymerase I-dependent nick translation DNA synthesis. The rate of formation of a labeled fulllength product was used as an estimate for the E. coli polymerase I activity.
DNA ligation was also performed with duplex N in a ligation buffer (10 l) containing 30 mM Tris, pH 8.0, 4 mM MgCl 2 , 50 mM NaCl, 1 mM dithiothreitol, 20 M NAD ϩ , and 5 g of bovine serum albumin. In this case, the 21-mer was 5Ј-end-labeled to provide the 5Ј-phosphoryl group that is required for the ligation reaction. The rate of formation of a full-length, 5Ј-end-labeled 56-mer was used for estimation for the DNA ligase activity.
Endonuclease III, nick translation and DNA ligation reactions were stopped with 5 l of a stop buffer containing 90% formamide, 10 mM EDTA, 0,.1% xylene, and 0.1% bromphenol blue. After the addition of a stop buffer, the reaction mixture was immediately heated at 90°C for 10 min. A 5-l sample was loaded onto a 12.5% denaturing polyacrylamide gel and electrophoresed at 2000 V for 1.5 h. The polyacrylamide gel was then dried and the amount of products formed was estimated by using the STORM PhosphoImager (Amersham Biosciences).
RESULTS

Effect of HU Protein on
Endonuclease III Activity-HU protein binds tightly to various DNA replication and recombination intermediate structures (20 -22) . In addition, it has a high affinity for DNA containing nicks and small gaps. Castaing et al. (23) showed that HU bound to DNA containing one base gap generated by DNA glycosylases. These data suggest that HU might play a role in preventing the untimely exonuclease digestion of DNA in cells by inhibiting the binding of exonuclease III to nicks and small gaps. Kamashev and Rouviere-Yaniv (20) showed that inhibition of exonuclease III activity by HU protein was only observed with DNA containing nicks. However, HU protein did not protect intact linear DNA from exonuclease III digestion, even at very high HU protein concentrations (20) . Earlier, we showed that the human KU70/80 complex inhibited the rate of removal of DHU by human endonuclease III (15) . Inhibition was only observed when the DNA substrate contained a DHU that was close to and opposite a nick. Because HU protein also binds tightly to DNA containing a nick, it is thus expected that, like human KU protein, HU protein might also inhibit the endonuclease III activity. Fig. 1 
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effect of increasing HU protein concentrations on the endonuclease III activity. Two DNA substrates were used in this experiment: duplex N, which contained a nick opposite and in close proximity to a DHU, and duplex L, which contains only a DHU. When duplex L was used as a substrate, increasing the amount of HU protein had no effect on the activity of E. coli endonuclease III (Fig. 1, panel A) . However, when duplex N was used as the substrate, increasing the amount of HU protein led to a significant inhibition of the endonuclease III activity (Fig. 1, panel B) . At 400 nM of HU protein, greater than 75% inhibition of endonuclease III activity was observed. This is comparable with the inhibition of E. coli exonuclease III activity by HU; at 400 nM HU inhibited ϳ50% of the exonuclease activity of exonuclease III on nicked plasmid DNA (20) .
To determine the effect that distances between the nick and DHU have on the inhibitory effect of HU on endonuclease III activity, five additional substrates were prepared with distances between the nick and DHU varied from 2, 4, 6, and 8 nucleotides lengths. Fig. 2 showed that HU exerted its maximum inhibitory effect when the nick was 2 nucleotides from the base lesion DHU. At 400 nM of HU protein, 50% of endonuclease III activity was inhibited when the nick was 2 nucleotides away, either 3Ј or 5Ј from DHU. When the nick was 4, 6, and 8 nucleotides away from DHU, inhibition of endonuclease III activity by HU was observed to be about 35, 22, and 12%, respectively.
Effect of HU on DNA Polymerase I Activity-To have sequential repair of closely opposed lesions, it is necessary that repair synthesis catalyzed by DNA polymerase I (Pol I) be carried out unimpeded on the DNA strand containing the newly generated nick, whereas the cleavage activity of endonuclease III on the opposing lesion is inhibited by HU protein. It is therefore expected that concentrations of HU protein that inhibit endonuclease III activity will have little effect on the activity of Pol I. The effect of increasing concentrations of HU protein on Pol I activity was examined by using duplex N with the 35-mer 5Ј-end-labeled with 32 P. DNA synthesis, or DNA polymerase activity was measured by the rate of extension of the 5Ј-endlabeled 35-mer to the full-length 56-mer. Because E. coli Pol I contains both 3Ј-5Ј and 5Ј-3Ј exonuclease activity, the amount of Pol I used for this experiment was chosen by determining the amount of Pol I that will give a good rate of DNA synthesis but little degradation of labeled primer. Fig. 3 shows a titration of the amount of Pol I used in the competing reactions of primer extension and degradation. It was found that under the reaction conditions used, 0.01-0.05 units of Pol I gave an optimum rate of primer extension with little degradation of the primer (Fig. 3, lanes 6 -8) . However, higher concentrations of Pol I led to substantial degradation of the labeled 35-mer (Fig. 3, lanes  2-5) . Based on these data, the effect of HU protein on the nick translation was studied with 0.01 units of DNA Pol I. Fig. 4 shows that increasing concentrations of HU protein (up to 400 nM) had little inhibitory effect on the Pol I nick translation-DNA synthesis activity (Fig. 4, panel A, lanes 5-8) . Using 0.01 units of Pol I, a 10 min reaction converted 45% of the substrate to the expected 56-mer full-length product (Fig. 4, panel B) . The extent of nick translation catalyzed by Pol I was little affected, even in the presence of 400 nM of HU protein (Fig. 4, panel B) . Recent studies showed that in the presence of poly (ADPribose) DNA polymerase, the human polymerase ␤ favors a strand displacement synthesis (24) . Because Pol I can also carry out strand displacement DNA synthesis, it is thus of interest to find out whether, in the presence of protein, Pol I can shift from nick translation to strand displacement DNA synthesis. To do this, both the 35-mer and the 21-mer of duplex N were 5Ј-end-labeled with 32 P. Fig. 5 shows the time course of the reaction with Pol I. At an early time interval (1 min after the addition of Pol I), 400 nM of HU showed a slight inhibition on the rate of formation of the full-length 56-mer (panels A and B, lane 1). In the presence of 400 nM HU, the 1 min reaction generated predominantly primer extension products that are shorter than the full-length product (panel B, lane 1) . However, as the reaction progressed, most of the extended products were extended to become full-length 56- mer (panel B, lanes 2-9) . However, the rate of degradation of the 5Ј DNA strand (the labeled 21-mer) was not inhibited (the faster migrating species of all lanes of panels A and B) . These data suggest that high concentration of HU only slightly slowed down the initial extension of the 35-mer and appeared to have little effect on the progression of the nick translation reaction. This was indicated by the rapid formation of the full-length product and the extent of the degradation of the labeled 21-mer. These data thus suggest that the presence of HU protein did not shift Pol I from the nick translation mode of DNA synthesis to strand displace- ment mode of DNA repair synthesis.
In addition to being a DNA polymerase, Pol I is also a flap endonuclease that is capable of cleaving the 5Ј flap from a flap DNA structure (25) . Flap DNA structures are thought to be formed on the DNA lagging strand during processing of Okazaki fragment (26) . HU was shown to bind to flap DNA with high affinity (22) . It is thus of interest to find out whether the flap endonuclease activity of Pol I is affected by HU protein. 5Ј-Labeled flap DNA was prepared by hybridizing 5Ј 32 P-labeled 33-mer and unlabeled 16-mer with the complementary 30-mer, generating a duplex DNA having a 5Ј-labeled flap of 19 nucleotides long. We have shown earlier that both the E. coli endonuclease V and Pol I cleave the 5Ј flap at the second phosphodiester bond 3Ј to the flap junction (27) , generating a 5Ј-end-labeled 20-mer. Fig. 6 showed that incubating the labeled 5Ј flap DNA with E. coli endonuclease V generated predominantly a 20-mer and a small amount of 19-mer, an observation that is consistent with the earlier findings (Ref. 26 ; Fig.  6, lane 5) . Furthermore, increasing the amount of HU protein led to inhibition of the flap endonuclease activity of endonuclease V (Fig. 6, lanes 6 -8) . The inhibition of the flap endonuclease activity by HU is most likely the result of HU binding to the flap junction because HU binds tightly to a flap junction (K d ϭ 1.8 nM; Ref. 20) , Similarly, incubating the flap DNA with Pol I led to the generation of a 5Ј-end-labeled 20-mer (Fig. 6, lane 9) , and the flap endonuclease activity of Pol was also inhibited by HU protein (Fig. 6, lanes 10 -12) . In contrast, the 5Ј-3Ј exonuclease activity of Pol I was not affected by increasing the amount of HU protein (Fig. 5) .
Effect of HU Protein on DNA Ligase Activity-It was shown earlier that KU 70/80 protein complex increases the ligation efficiency of human DNA ligase III (28) . It is also interesting to note that HU is essential for DNA ligase to effectively ligate short DNA fragments into circles (29) . Therefore, we expect that HU protein will have little or no effect on the rate of ligation catalyzed by E. coli DNA ligase. To examine this, duplex N was used as the ligation substrate, and the 21-mer was 5Ј-end-labeled with 32 P. This will provide the 5Ј phosphate that is necessary for the DNA ligase reaction. At the two DNA ligase concentrations (0.1 and 0.01 units), HU protein showed little or no inhibitory effect on the extent of ligation (Fig. 7,  panel A, lanes 5-12) . In the absence of HU, a 10 min reaction with 0.1 or 0.01 units of E. coli DNA ligase produced 74.6 and 6.5% of ligation, respectively (Fig. 7, panel B) . HU protein showed little or no inhibitory effect on the extent of ligation even at 400 nM of HU, a concentration that led to greater than 75% inhibition of endonuclease III activity (Fig. 7, panel B) . 
DISCUSSION
After exposure to ionizing radiation, the individual damage in each clustered lesion is expected to be repaired via the BER pathway. The processing of DNA damage via the BER pathway generates single strand breaks or small gaps as repair intermediates. These repair intermediates require DNA polymerase and DNA ligase to complete the repair. Therefore, if a nick generated from the initial repair of one of the lesion within the clustered lesion site is not sealed before initiating the repair of additional lesions, a DNA double strand break will be generated. The uncoordinated repair of clustered lesions will lead to an increase in the cellular level of double strand breaks.
In vitro experiments from this laboratory showed that the human DNA-binding protein KU helps to reduce the formation of frank double strand breaks by inhibiting the activity of DNA glycosylase (endonuclease III) in removing the base lesion opposite to a nick (15) . Furthermore, KU has a high affinity for DNA ends and will tether the two ends of a double strand break, thus reducing the possibility of misjoining. It is interesting to note that despite the fact that KU inhibits the incision activity of endonuclease III on DNA containing a nick in close proximity opposite to a dihydrouracil (15), KU has little or no inhibitory activity on DNA ligation (28) . However, it is not known whether the binding of KU to a nick will lead to any appreciable inhibition of repair synthesis by human polymerase ␤ or other polymerases such as Pol and Pol that might be involved in the non-homologous rejoining of double strand breaks (30 -31) .
To further understand the role of DNA nick-binding proteins on the repair of closely opposed lesions, we decided to examine the role of the HU protein of E. coli. HU is a basic DNA-binding protein that constitutes one of the 12 capsid proteins of E. coli that bind to E. coli genome (32) . In addition to its nonspecific double strand DNA-binding activity, HU protein has a high affinity for various replicative and recombinational DNA structures (20 -21) . HU also exhibits high affinity for DNA nicks and small gaps, and the K d for binding to nick and small gap is around 2-4 nM (20, 23) . DNA nicks and small gaps are intermediates generated during DNA repair via the base excision repair pathway. In this study we showed that similar to KU, increasing concentrations of HU led to an increased inhibition of endonuclease III activity on DHU. Inhibition of endonuclease III activity was only observed when an opposing nick was close to DHU. The nick-dependent inhibition exerted by HU on endonuclease III activity thus suggests that HU plays a novel role in limiting the ability of endonuclease III to produce additional nick within a clustered lesion site before the intermediary nick is fully repaired. It is proposed that the nick-dependent inhibition of DNA glycosylase activity (in this study, endonuclease III activity) by HU will allow DNA polymerase I and DNA ligase to fully repair the nick or gap before endonuclease III or other DNA glycosylases begin to initiate the repair of additional lesions. These data therefore suggest that in a cell, when the repair of one of the base damage within a cluster lesion site is initiated, the generation of a one base gap or nick should lead to substantial increase in the affinity of HU protein for this damage site. Normally HU has a low affinity for doublestranded DNA (K d ϭ 25,000 nM); however, the affinity of HU for DNA containing a nick is four orders of magnitude higher than a double-stranded DNA with a K d around 2 to 8 nM (20, 23) . HU is involved in several other cellular processes including the formation of the nucleoid structure, DNA replication, and recombination. HU is present in E. coli at high abundance, and it was estimated that E. coli has ϳ30,000 molecules of HU protein per cell (33) . In comparison, there are only about 200 molecules of endonuclease III per cell. 2 In this study, we showed that HU binding to a nick did not inhibit the activities of both Pol I and DNA ligase. The binding of HU to a nick thus allows the Pol I and DNA ligase to fully repair the nick while inhibiting the activity of endonuclease III on other lesions that are located in close proximity (Fig. 8) . Once the DNA is completely repaired, affinity of HU at the clustered site will decrease substantially, thus leading to the rapid dissociation of HU from the DNA. The dissociation of HU from the damaged site will allow endonuclease III to initiate the repair of the remaining lesion. The sequential repair of closely opposed lesions thus avoids the formation of a potentially lethal and mutagenic double strand break intermediate (Fig. 8) .
We showed that in this study, significant inhibition of endonuclease III activity was observed only when the nick was within two nucleotides from the base lesion. When the distance of the nick was 4 and 6 nucleotides away, inhibition of endonuclease III activity by HU decreased to about 35 and 14%, respectively. Because the inhibition of endonuclease III activity by HU was observed to be similar when the nick is two nucleotides, either 3Ј or 5Ј from DHU, it is therefore likely that the binding of HU to the nick is symmetrical. These observations thus suggest that HU heterodimer probably covers about five nucleotides footprint, which is consistent with its small size of only 18 kDa. KU 70/80 complex was shown to have a footprint of about 25 nucleotides (34) mass of KU, which has a molecular mass of 150 kDa, a footprint of 5 nucleotides for HU is thus reasonable. It has been estimated that damage within a clustered lesion can have a spread of up to 20 nucleotides (7), and at physiological pH, two breaks within a distance of 15-20 nucleotides can lead to double strand breaks. The relatively small footprint of HU when it binds to a nick thus suggests that other proteins might be interacting with HU to generate a larger footprint that can contribute more effective inhibition of the glycosylase activity when the nick is further away from the opposing base damage.
In human cells, double strand breaks are repaired predominantly by nonhomologous end joining activity. In contrast, in bacteria such as E. coli, a double strand break is repaired through homologous recombination. Because bacteria are haploid; the ability to prevent the generation of excessive double strand breaks is crucial for their survival. It is interesting to point out that E. coli mutants lacking HU protein are hypersensitive to both UV and ionizing radiation (36 -37) . Because HU is required for homologous recombination, the increased sensitivity of mutants to ionizing radiation could be due to a reduced recombination activity. However, the increased radiosensitivity could also be due to the result of increased formation of double strand breaks generated from the uncoordinated repair of clustered lesion. The lack of cellular HU protein will lead to a significant increase in the uncoordinated repair of clustered lesions. It is important to point out that E. coli triple mutant cells (fpg nth nei) lacking the major DNA glycosylases, exhibit increased survival toward ionizing radiation as compared with either the single mutants or the wild type cells (35) . The increased survival in the triple mutant could be due to a decrease in the ability of the mutant cell to process base lesion within the clustered lesion, thus led to decrease in formation of double strand breaks. However, the increased survival might be accompanied by an increase in mutation frequency, possibly the result of mutagenic bypass of the unrepaired base lesions. Because HU is involved in many cellular processes and is also a constituent of the nucleoid capsid complex, the amount of HU protein available for sequential repair might be rate-limiting. At higher doses of ionizing radiation, significant amounts of HU might be tied up with nicks generated by ionizing radiation, thus leading to a significant reduction of HU that is available for sequential repair of clustered lesions. It is therefore interesting to find out whether overproduction of HU protein in E. coli wild type cells will lead to increased resistance toward ionizing radiation. Furthermore, it is also expected that the increased radioresistance will not be accompanied by a significant increase in the overall mutation frequency.
